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ABSTRACT
Context. Variability in the X-rays is a key ingredient in understanding and unveiling active galactic nuclei (AGN) properties. In this
band, flux variations occur on short timescales (hours) as well as on larger timescales. While short timescale variability is often
investigated in single source studies, only a few works are able to explore flux variation on very long timescales.
Aims. This work aims to provide a statistical analysis of the AGN long term X-ray variability. We study variability on the largest time
interval ever investigated for the 0.2-2 keV band, up to approximately 20 years rest-frame for a sample of 220 sources. Moreover, we
study variability for 2,700 quasars up to approximatley eight years rest-frame in the same (soft) band.
Methods. We built our source sample using the 3XMM serendipitous source catalogue data release 5, and data from ROSAT All
Sky Survey Bright and Faint source catalogues. To ensure that we selected AGN only, we used the Sloan Digital Sky Survey quasar
catalogues data releases 7 and 12. Combining ROSAT and XMM-Newton observations, we investigated variability using the structure
function analysis which describes the amount of variability as a function of the lag between the observations.
Results. Our work shows an increase of the structure function up to 20 years. We find no evidence of a plateau in the structure function
on these long timescales.
Conclusions. The increase of the structure function at long time lags suggests that variability in the soft X-rays can be influenced
by flux variations originated in the accretion disk or that they take place in a region large enough to justify variation on such long
timescales.
Key words. galaxies:active – quasars:general – X-rays:galaxies
1. Introduction
Active galactic nuclei (AGN) are extremely bright sources shin-
ing in the local as well as in the far Universe in several bands
of the electromagnetic spectrum. Variability in AGN is observed
both in the emission lines and continuum emission, thus it is
a defining characteristic for these sources (e.g. Matthews &
Sandage 1963; Elliot & Shapiro 1974). Flux variability occurs
on different timescales from hours (Ponti et al. 2012), up to sev-
eral years (e.g. de Vries et al. 2003; Vagnetti et al. 2011). Vari-
ability studies can be useful in discovering fundamental proper-
ties of the central engine of AGN. Indeed, many authors have
used flux variations to constrain the size of the emitting region,
the emission mechanisms, as well as the process originating the
variability itself. Studying single objects flux variations on tenths
of ks (e.g. Ponti et al. 2012) it is found that X-ray variability is
already present at such short timescales.
Variability observations on short timescales suggest that X-
ray emission takes place in a very small region (e.g. Mushotzky
et al. 1993) close to the central black hole (BH), the so called
corona whose geometry and size are still matter of debate, (e.g.
Haardt & Maraschi 1991; Haardt et al. 1994). Single-source
? riccardo.middei@uniroma3.it
analyses are often performed using the power spectral density
analysis (PSD). However, this analysis needs well sampled light
curves that are only available for few objects. The PSD ap-
proach finds a break at high frequencies that is connected with
the BH mass (e.g. Papadakis 2004; O’Neill et al. 2005; Uttley
& McHardy 2005; McHardy et al. 2006), while, even if a low
frequency break is expected, we have experimental evidences of
it only for a couple of sources: for example, Ark 564 (Pounds
et al. 2001; Papadakis et al. 2002; McHardy et al. 2007) and
NGC 3783 (Markowitz et al. 2003).
As reported by several authors (e.g. Zhang 2011; Young et al.
2012; Shemmer et al. 2014), AGN display flux variations also on
larger temporal scales. It is possible to investigate variability on
larger time intervals using the structure function (SF) analysis
(e.g. Simonetti et al. 1985; Vagnetti et al. 2011). SF works on
the time domain and can be used in statistical studies even when
objects have poorly sampled light curves, see details in Sect. 3.
In this context, a statistical approach to characterise variability
(Vagnetti et al. 2016) is useful to point out some averaged prop-
erties shared by AGN. Further to this, an ensemble study min-
imises the effect of anomalous sources if they are present. To
date, we know that X-ray variability increases as a function of
the time interval at which we investigate the sources. This means,
in an average sense, that if we compare flux measures performed
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in two different epochs we can expect that, the larger is the delay
τ between the two observations, the larger will be the difference
between the two fluxes.
Variable X-ray absorption, which is commonly observed in
Seyfert galaxies, can also contribute to the X-ray variations. In
particular, changes of the X-ray absorbing column density are
ubiquitous in type 2, with timescales ranging from hours to years
(Risaliti et al. 2002). Moreover, X-ray absorption variability has
also been found in a number of type 1 (see e.g. Markowitz et al.
2014; Puccetti et al. 2007; Turner et al. 2008). The shorter-term
variations in covering fraction of partially covering absorbers are
generally ascribed to eclipses by clouds from the broad-line re-
gion (e.g. Risaliti et al. 2011). Longer-term variations both in
type 1 and type 2, on timescales up to a few years, could be pro-
duced by a pc-scale torus with a clumpy structure, with type 2
having a much higher probability (e.g Markowitz et al. 2014).
We do not investigate the absorbtion variability contribution in
the present work, however a possible signature of this may be
searched for by selecting a subsample of AGN inclined at large
viewing angles, adopting angular indicators, as, for example,
proposed by Shen & Ho (2014).
The source sample we analyze in this work is based on
serendipitous observations performed by XMM-Newton and
ROSAT data. ROSAT observations are needed in order to inves-
tigate variability on long timescales. In fact, other authors have
already compared ROSAT and XMM-Newton data for different
purposes (e.g. Saxton et al. 2011; Strotjohann et al. 2016); com-
paring data from these two satellites, we are now able to perform
a long-term variability analysis for a sample of 2,856 AGN ob-
served from early nineties up to 2015.
This paper is organised as follows: in Sect. 2 we describe
the data extracted from the archival catalogues and we compare
data by ROSAT and XMM-Newton. Section 3 contains the anal-
ysis we perform and our results. In Sect. 4 we discuss impor-
tant timescales for variability and we report our conclusions.
In Sect. 5 we summarise this work. Throughout the paper we
adopt the standard cosmological ΛCDM framework identified
by ΩΛ = 0.7, ΩM = 0.3, and H0 = 70 Km/Mpc/s.
2. Data
In this work we have used X-ray data obtained by the XMM-
Newton and ROSAT satellites. The 3XMMSSC-DR51 (Rosen
et al. 2016) contains 565,962 X-ray detections belonging to
396,910 single sources. The observations were performed be-
tween February 2000 and December 2013, thus data cover a
large time interval, see Fig. 1. Furthermore, this catalogue is very
suitable for ensemble variability studies since it contains 70,453
sources observed at least twice (up to 48 times) for a total of
239,505 multi-epoch observations.
As mentioned above, XMM-Newton observations were car-
ried out over a period of 13 years, however because of the red-
shift, the maximum length for the rest-frame light curves of these
sources is approximately eight years, as is shown in Fig. 2. To
enlarge our investigating temporal window we have taken ad-
vantage of the RASS-BSC (Voges et al. 1999) and RASS-FSC
(Voges et al. 2000), which store respectively 18,806 and 105,924
X-ray detections. ROSAT observations were obtained between
July 1990 and August 1991, thus comparing this information
with data performed by XMM-Newton we can study variability
up to time lags of about 20 years.
1 http://xmmssc.irap.omp.eu/
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Fig. 1: Time distribution of the observations coming from the
XMM-Newton mission (blue, horizontal shading) and ROSAT
(red, slanted shading).
The 3XMMSSC-DR5 as well as the RASS catalogues con-
tain X-ray detections with no information concerning their na-
ture. Therefore to extract from the sample only AGN we cross-
correlated these data with the quasar catalogues by the Sloan
Digital Sky Survey (SDSS), the SDSS-DR7Q (Schneider et al.
2010) and the SDSS-DR12Q (Pâris et al. 2016). The SDSS
quasar catalogues do not include classes of active galactic nu-
clei such as BL Lacertae and Type 2 objects, thus they allow us
to build a homogeneous sample of type 1 AGN. To cross-match
catalogues we took advantage of the software TOPCAT2 (Taylor
2005, 2006).
We obtained our quasar sample extracting from the
3XMMSSC-DR5 only observations of AGN. To do this we
cross-matched the serendipitous source catalogue by XMM-
Newton with both SDSS-DR7Q and SDSS-DR12Q using a
5 arcsec cross-correlating radius. Moreover, we accounted for
the quality of the observations selecting only the observations
with a SUM_FLAG value smaller than three, as suggested by
the 3XMMSSC team. This procedure led us to obtain 14,648
matches corresponding to 2700 multiply observed AGN (7,837
observations) and 6,801 pointed only once. The sample of
sources with multiple observations corresponds to the Multi-
Epoch XMM Serendipitous AGN Sample, MEXSAS3, already
presented in Vagnetti et al. (2016). In the following we will re-
fer to the extended sample containing both multiple and single
observations as eMEXSAS.
To test our matches we used a larger radius of 10 arcsec for
which the cross-correlation algorithm produces 15,095 matches
indicating a possible incompleteness of the order of 3%. Further-
more, we checked our cross-correlations, giving a set of spurious
coordinates shifted by 1 arcmin in declination to the eMEXSAS
entries and we obtain 44 matches indicating that our sample con-
tains false occurrencies of the order of 0.3%.
2 http://www.star.bris.ac.uk/∼mbt/topcat/
3 Available at:
http://vizier.cfa.harvard.edu/viz-bin/VizieR?-source=J/A+A/593/A55
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Fig. 2: Length of the light curve in the rest frame, ∆trest, for
each source, as a function of the redshift. Small blue dots:
XMM-Newton data alone, larger red points: combined XMM-
Newton+ROSAT data.
Then, we cross-correlated our extended sample eMEXSAS
with the RASS-BSC and the RASS-FSC adopting a radius of
30 arcsec. This leads us to obtain 281 sources observed by the
two satellites for a total of 490 available observations. This
cross-match is a crucial point in our work, then we repeat
the cross-correlations using a set of false coordinates, shifting
by one degree in declination finding six matches. This sug-
gests that our sample contains a ∼1% of possible contamina-
tion within the adopted matching radius. Then we checked our
cross-correlations again using the column of quasar catalogues
SDSS-DR12 and SDSS-DR7 in which a ROSAT count rate com-
ing from the SDSS identification is available. We discarded a few
sources from our sample for which there is no SDSS identifica-
tion. This reduced our sample to 273 single sources observed
both by XMM-Newton and ROSAT. For these sources the max-
imum length of the light curves ∆trest is as long as 19 years, see
Fig. 2.
Data used in this work are provided by two missions with
different characteristics (e.g. Truemper 1982; Strüder et al. 2001,
respectively for ROSAT and XMM-Newton), therefore it is not
possible to compare their measurements in a straightforward
way. In the following we describe the steps we performed to pro-
duce a reliable comparison of our data. The first issue we face is
due to the different energy bands used by ROSAT and XMM-
Newton to scan the sky. The ROSAT X-ray telescope, in fact,
operated in the 0.1-2.4 keV band while XMM-Newton performs
observations in the energy band 0.2-12 keV. Due to the smaller
energy range of ROSAT we can study variability at long time
lags only in the soft X-ray band. In order to make the measure
performed compatible in these different observational bands, we
made use of the online tool WebPIMMS4.
To convert ROSAT count rate to fluxes we set WebPIMMs
as follows: Galactic absorption NH = 3 × 1020 cm−2, source
4 https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimmw/w3pimms.pl
model power law with a Γ = 1.7 (the same values are used in the
3XMMSSC-DR5 by Rosen et al. 2016), input energy range 0.1-
2.4 keV and output energy range 0.2-2 keV. These flux measures
have to be compared with those obtained from 3XMMSSC-DR5.
The serendipitous catalogue reports flux measures in the small
energy bands EP1_FLUX (0.2-0.5 keV), EP2_FLUX (0.5-1.0
keV), EP3_FLUX (1.0-2.0 keV). We combined the flux mea-
sures in the energy bands EP1, EP2, EP3 adopting the procedures
described by Watson et al. (2009) in their Appendix 4, D.4, get-
ting, for all the sources in our sample, a soft integrated flux in
the energy band 0.2-2 keV.
3. Analysis
Structure function is a powerful method used in several electro-
magnetic bands by many authors, in the Optical-UV (e.g.
Trevese et al. 1994; Kawaguchi et al. 1998; de Vries et al. 2003;
Bauer et al. 2009) as well as in the radio domain (e.g. Hughes
et al. 1992). Since 2011 SF analysis has also been used in the
X-ray band where authors produced variability studies for statis-
tically rich AGN populations (Vagnetti et al. 2011, 2016). Struc-
ture function works in the time domain and it is suitable for en-
semble studies. This is a real advantage because, even if for sin-
gle source variability characterization SF as well as PSD need
richly sampled light curves, for an ensemble approach SF can be
adopted also when only poorly sampled light curves are avail-
able. Structure function describes variability giving a measure of
the mean change between two observations separated by a time
lag τ. Different mathematical formulations for SF have been used
in the past (e.g. Simonetti et al. 1985; di Clemente et al. 1996),
however in this work we adopt the following definition for this
variability estimator:
S F(τ) =
√〈
[log fX(t + τ) − log fX(t)]2〉 − σ2noise . (1)
In Eq.1 τ is the lag elapsing between the two available flux mea-
sures and σ2noise is the the quadratic contribution of the photo-
metric noise to the observed variations:
σ2noise =
〈
σ2n(t) + σ
2
n(t + τ)
〉
, (2)
where σn is the photometric error of the logarithmic flux at a
given epoch. The average quantities in Eq. 1 and Eq. 2 are com-
puted within an appropriate bin of time lag around τ.
Our sample of sources spreads on a large redshift interval,
thus we compute the time lag in the source rest-frame,
τrest =
τobs
1 + z
. (3)
Our soft long-term SF analysis takes advantage of
eMEXSAS and the AGN selection observed by ROSAT. SF is
computed using all the light curves for the sources belonging to
eMEXSAS and extending these light curves for the combined
XMM-Newton and ROSAT relevant subsample.
Observations performed by a single mission allow us to com-
pute structure function straightforwardly but in the case of com-
bined light curves, data are obtained from two satellites with dif-
ferent instrumental properties. In particular for this study we take
care of the different sensitivities of the two space observatories.
For quasars observed by the two missions, ROSAT fluxes have
values spanning between 6.6 × 10−14 erg/cm2/s and 1.2 × 10−11
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Fig. 3: Flux distribution in the 0.2-2 keV band for the obser-
vations belonging to the different subsamples. Thin blue his-
togram: MEXSAS; thick blue histogram: XMM-Newton obser-
vations brighter than 7.5 × 10−14 erg/cm2/s for the sources ob-
served by ROSAT; red shaded histogram: ROSAT fluxes.
erg/cm2/s. On the other hand, due to its more recent technol-
ogy, fluxes detected by XMM-Newton are also fainter, down to
2.5 × 10−16 erg/cm2/s. Structure function, as shown by Eq. 1,
describes variability comparing flux measures performed in dif-
ferent epochs, thus the different sensitivities of the two satellites
could introduce a bias, which would give an overestimate of the
large flux variations (in this case the increase of the SF might be
an artifact), being on average ROSAT detections much brighter
than XMM-Newton measurements. Moreover, a possible bias
for the cross calibrations between XMM-Newton and ROSAT
observations has been discussed by Shemmer et al. (2014) who
estimate that this does not exceed the 10% of the flux measures.
Following the procedure outlined by Saez et al. (2012), we added
in quadrature to the errors of each measured flux a 10% error.
This increases slightly the estimate of the flux errors for the
brightest sources, however its effect on our variability analysis
is very small (see below).
Furthermore, ROSAT measures are systematically sampling
earlier times. This means that when we evaluate SF, fluxes at ear-
lier epochs are in average larger with respect to later epoch mea-
sures performed by XMM-Newton. Therefore light curves tend
to have a decreasing behaviour, in average, for these sources.
This leads us to define a common threshold for the XMM-
Newton and ROSAT fluxes such that the corresponding flux dis-
tributions span a similar interval. The adopted threshold (7.5 ×
10−14 erg/cm2/s) optimises the overlap between the two distri-
butions, see Fig. 3 where the flux distribution of the overall
MEXSAS sample is also shown for comparison. This discards
53 ROSAT sources associated with XMM-Newton fluxes fainter
than the threshold, so that our subsample of combined light
curves is reduced to 220 sources. In Fig. 4 we show on the LX − z
plane the distribution of the sources we study in this work consti-
tuted by MEXSAS (2700 sources, small blue dots) plus the 220
from ROSAT (empty red squares). We note that the two samples
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Fig. 4: Distribution of the sources for which SF is computed in
the LX-z plane. The small blue dots represent the average values
of the X-ray luminosity for sources with multiple XMM-Newton
observations (MEXSAS), while empty squares represent the lu-
minosity and redshift computed from ROSAT observations.
span a similar range in luminosity, thus the luminosity depen-
dence of X-ray variability (see e.g. Vagnetti et al. 2016) should
not introduce a difference between the two samples.
We now discuss the effect of the different flux limits of
the ROSAT and XMM-Newton catalogues displaying in Fig. 5
the distributions of the logarithmic flux variations expected for
our combined lights curves in two cases: if we include XMM-
Newton fluxes fainter than the adopted threshold we find an
asymmetric distribution with an excess tail towards negative
large variations (yellow shaded in Fig. 5); cutting instead the
XMM-Newton measures to fluxes larger than the threshold, the
asymmetry of the resulting distribution is strongly reduced (red
histogram in Fig. 5). For comparison we display in the same fig-
ure also the corresponding distribution for the MEXSAS sample
alone.
We show in Fig. 6 the distribution of the rest frame time lags
for sources belonging to MEXSAS (blue histogram) and to the
ROSAT and XMM-Newton combined sample (red shaded his-
togram). As Fig. 6 displays, the contribution of the ROSAT data
is particularly important for the larger rest-frame timescale (τ &
8 years) while, for smaller time lags, this contribution is almost
negligible compared to data of MEXSAS.
Finally, using Eq. 1 we are able to compute the longest
structure function ever performed for ensemble X-ray variability
studies. In Fig. 7 we present the binned structure function show-
ing the contributions of the combined ROSAT-XMM-Newton
data in red and only in the bin τrest & 8 years while, for the bins at
smaller time lags, we plot only the dominant contribution com-
ing from MEXSAS. For comparison, we also draw an estimate
of the SF in the last bin using the full XMM-Newton light curves
without removing the fluxes fainter than the previously discussed
threshold. However, this corresponds to an overestimate (∼ 75%)
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Fig. 5: Distribution of the logarithmic flux variations, normalised
to the total number. Yellow shaded histogram: combined ROSAT
XMM-Newton light curves including all the data. Red his-
togram: the same as before but removing the XMM-Newton
fluxes fainter than 7.5×10−14 erg/cm2/s. Blue histogram: XMM-
Newton-only light curves for the MEXSAS sample.
of the variability, while a more conservative estimate is also indi-
cated on the figure, computed with only the ROSAT and XMM-
Newton measurements brighter than the threshold. Figure 7 also
shows the contribution of the measurements errors (dashed line);
the previously discussed intercalibration errors are included in
our analysis, slightly increasing the error contribution (by ∼ 5%)
for the combined XMM-Newton/Rosat bin. However the effect
on the SF (according to Eq. 1), is negligible, ∼ 1%.
The computed SF still increases for time lags as long as
twenty years and we do not find evidence for a flattening. The
increase of the structrure function can be fitted by a power-law
S F ∝ τb, with b = 0.154 ± 0.011 for the eight bins spanned by
XMM-Newton data, and b = 0.153±0.010 including the ROSAT
bin in its conservative estimate discussed above. Our results are
in agreement with those of Zhang (2011), who reported a lack of
a low-frequency break in the PSD of local AGNs, using RXTE
light curves on timescales of around ten years. This nicely com-
plements our results on a large sample of high-z objects, sug-
gesting a similar long-term variability trend in local AGNs and
quasars.
4. Discussion
The SF presented in the previous section does not show a
flattening at long timescales which, in principle, could be ex-
pected considering the finite size of the emitting region. As dis-
cussed by, for example, Czerny (2006), X-ray variability on short
timescales can be originated by intrinsic fluctuations of the X-
ray source while, at longer timescales, the observed X-ray vari-
ations can be affected by optical-UV fluctuations. Indeed, also
optical SF computed by de Vries et al. (2005) shows a similar
behaviour with an increase at long time lags. However, MacLeod
-4 -2 0
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800
Fig. 6: Distribution of the rest frame time lags for MEXSAS
sources (in blue) and for the combined XMM-Newton (with
fluxes brighter than 7.5 × 10−14 erg/cm2/s.) and ROSAT data in
red. Combined observations extend the distribution to larger time
lags.
et al. (2012) report a SF flattening at about two years, although
the authors do not rule out a continuing but slower rise.
It is possible to interpret our result considering previous
works by Lyubarskii (1997) and Arevalo (2006). These authors
discuss about the propagating fluctuations model in which opti-
cal long term variations originated in the external region of the
disk propagate through it affecting variability in the X-ray band.
Flux variations acting on short timescales produced in the disk
regions closer to the central engine are therefore modulated by
long term variations. We note that the influence of disk-born fluc-
tuations on the X-ray variations is also supported by the variabil-
ity of the X-ray-to-optical spectral index αox, which increases at
year-long timescales (Vagnetti et al. 2010, 2013). In this sce-
nario, the size of the disk could leave some track on our SF,
therefore we want to estimate the characteristic timescales in the
external part of the accretion disk.
Following Czerny (2006), we focus on the dynamical
timescale, which is shorter than the viscous and thermal
timescales, and can be expressed for a Keplerian optically thick
and geometrically thin disk as follows:
τdyn = 7 × 10−5(R/Rg)3/2M/M yrs, (4)
where Rg = GM/c2 is the gravitational radius and M is the black
hole mass. The external size of the accretion disk is not well
known, however it can be estimated following the work by Collin
& Huré (2001), who argue that for large radii (& 1000 Rg) the
disk becomes self gravitating. They estimate a critical radius Rcrit
at which the disk becomes gravitationally unstable, fragmenting
and possibly giving rise to the broad line region. Rcrit depends
on the Eddington ratio and on BH mass. In the interval 0.01 <
L/Lbol < 1 the dependence on the mass can be approximated as
Rcrit/Rg = 3 × 107(M/M)−0.46 , (5)
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Fig. 7: Ensemble structure function for the sources studied in this
work. Blue points represent the averaged SF values and take ad-
vantage only of XMM-Newton observations, while the red point
is obtained also using data from ROSAT. The red point refers
to 220 AGN pointed by both the satellites and is computed cut-
ting the XMM-Newton fluxes to the ROSAT flux threshold as
discussed in the text. The yellow, black circled point is com-
puted without removing the XMM-Newton fluxes fainter than
the threshold, and it strongly overestimates the amount of vari-
ability. The black dashed line is the contribution of the noise
(as defined in Eq. 2) for the whole investigated time-lag inter-
val. Small dots represent the variations for the individual pairs
of measurements contributing to the SF and the colours empha-
sise the different subsamples used during the SF calculation.
which corresponds to a disk size R = 1.5×10−6(M/M)0.54 pc. At
this point we can combine the equations to get a self-consistent
estimate for the dynamical time at the outer border of the accre-
tion disk Rcrit as a function of the BH mass:
τdyn = 0.35(M/M)0.31 yrs. (6)
Equation 6 suggests timescales of several decades for black
hole masses of 106 − 109 M. Therefore an increase of SF at
twenty years appears compatible with the estimated disk sizes.
The geometrical and physical properties of the X-ray-
emitting region are not yet fully understood. On the one hand,
the power law-like continuum emission in hard X-rays is gen-
erally believed to originate in a hot and compact corona, likely
located in the inner part of the accretion flow (e.g. Reis & Miller
2013). However, on the other hand, an excess of emission be-
low 1-2 keV above the extrapolated high-energy power law is
commonly observed in the spectra of AGN (e.g Walter & Fink
1993; Bianchi et al. 2009). Albeit the nature of this so-called soft
X-ray excess is uncertain (e.g. Done et al. 2012), a possible ex-
planation is thermal Comptonization by a warm, optically thick
medium (e.g. Magdziarz et al. 1998; Petrucci et al. 2013). In par-
ticular, Petrucci et al. (2013) studied the high-energy spectrum of
Mrk 509 in detail, using the data from a long, multiwavelength
campaign (Kaastra et al. 2011). This source showed a correla-
tion between the optical-UV and soft (< 0.5 keV) X-ray flux, but
no correlation between the optical-UV and hard (> 3 keV) X-ray
flux (Mehdipour et al. 2011). Indeed, Petrucci et al. (2013) found
that the spectrum is well described by a two-corona model: a
warm (kT∼1 keV), optically thick (τ ∼ 15) corona responsible
for both the optical-UV emission and the soft X-ray excess, and
a hot (kT∼ 100 keV), optically thin (τ ∼ 0.5) corona responsible
for the hard X-ray emission. Moreover, the authors affirm that
the warm corona agrees with a slab geometry, thus it may cover
a large fraction of the disk (Petrucci et al. 2013). Other authors
(e.g. Janiuk et al. 2001; Róz˙an´ska et al. 2015) suggest that this
warm corona could be the upper layer of the disks itself. Accord-
ing to this view, the presence of an extended warm corona could
further increase the timescales for variability in the X-ray band.
5. Summary
In this work we have investigated the long-term AGN variability
for the soft X-ray band using SF analysis. In order to do this we
extracted AGN sources (observed at least twice) from data com-
ing from XMM-Newton and ROSAT observations. Data from
these two satellites cover a time interval of about ∼ 22 years
(Fig. 1), corresponding to ∼ 20 years interval in the rest frame
(see Fig. 2). Before performing our analysis we check our sam-
ple and we correct offsets due to the different satellite properties
and sensibilities. After cleaning the data, we computed structure
function in Fig. 7 that refers to a sample of 2864 sources in total
and covers a time interval of ∼ 20 years rest frame. Our analy-
sis does not show any evidence of a plateau. Our SF shows an
increase at long time lags which can be understood in a scenario
in which relevant timescales are due to the variations occurring
in the external region of the accretion disk or a large emitting
region originates the soft photons.
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